death. However, the activity of these compounds can be removed or reduced by dehulling, soaking, boiling, toasting and fermenting [15] .
Oyetayo and Omenwa [16] reported that in the Southern part of Nigeria, Treculia africana seeds are normally processed for consumption by boiling with Trona. Trona locally known as "kanwa" is an alkaline salt (sodium sesquicarbonate) commonly used as indigenous tenderizer and flavouring agents in various foods [17, 18] . Alum known as potash alum is used in processing of this seed. Nwankwo et al. [19] studied the effect of alum on the proximate composition of raw African breadfruit. The effect of use of Trona on some chemical properties, microbiological and sensory qualities of cooked cowpea and "masa" (a traditional food made from rice grain) has been reported [18] . Reduction to a safe level of the antinutritional factor is essential to improve the nutritional quality of ABFS and effectively utilize its full potentials in human food. Information regarding the effect of traditional processing methods with Alum and Trona on the levels of minerals, vitamins some antinutritional factor in ABFS is not readily available in literature. Therefore, the aim of this study is to investigate minerals, vitamins and anti-nutritional factors inherent in raw and processed African breadfruit seeds as affected by the concentration of Alum and Trona used.
II. Materials and Methods Materials Collection
Mature African breadfruits used for this study were procured from a farm at Oboro town, Umuahia Abia State, where the fruits are abundance and cheap. Alum and Trona used for the processing were also bought at the Oboro town market. The fruits were authenticated at the Agronomy Department of National Root Crops Research Institute (NRCRI) Umudike, Abia State. All the chemicals used in this study were of analytical grade. The analysis was carried at the Multidisciplinary Central Research Laboratory of the University and Central Laboratory of NRCRI Umudike. The fruits were processed within 24 h after sample procurement.
Sample Preparation
The fruits were processed following the traditional techniques as practiced by the people of Oboro town. The method involved extraction of the African breadfruit seeds from the pulpy fruits using the flowing water with sand, sponge in locally made basket until the slimness of the husk was reduced considerably. The seeds were sorted to remove extraneous materials such as dirt, shriveled and infected seeds. The wholesome seeds obtained were washed with clean water, weighed out into five equal portions of 1kg each and coded as ABF, ABK, ABR, ABS, and ABT. ABF was dehulled without soaking to serve as the control sample, while the remaining samples (ABK, ABR, ABS, and ABT) were each steeped in distilled water 1: 10 (w/v) (African breadfruit seeds: Water) for 24 h with addition of 0, 1.0, 1.5 and 2.0 % Alum respectively by modified method of steeping reported by Nwosu et al. (2012) . These four samples were parboiled with distilled water in 1: 10 (w/v) for 15 min at 100C, after which the water was drained and the parboiled seeds were allowed to cool, manually dehulled and washed with distilled water. These samples after washing, were cooked separately with distilled water in 1: 10 (w/v) (African breadfruit seeds: Water) for 90 min at 100C with addition of 0, 1.0, 1.5 and 2.0 % Trona respectively, and coded as ABK 1 , ABR 1 , ABS 1 , and ABT 1 respectively.
Mineral Composition Analysis
The Methods described by Obasi and Wogu [20] were used in mineral determination. The samples were digested by wet-digestion method using combination of Percholic acid, nitric acid and sulphuric acid. The digest so obtained was used for the various analyses. De-ionized water was used to avoid interferences from the minerals that may be contained in the water. The calcium, potassium and sodium were determined on the Jenway digital Flame Photometer (PFP7 Model) using the filter corresponding to each mineral element. The phosphorus was obtained by taking the absorbance of the solution on a Spectrophotometer (Jenway Metrohm Spectronic 21D Models) at a wavelength of 470nm. Each of the trace mineral elements was read at their respective wavelengths with their respective hollow cathode lamps using appropriate fuel and oxidant combination on a Perkin-Elmer Model 403 Atomic Absorption Spectrophotometer (AAS).
Determination of Vitamins
Vitamins A, B1, B2 and B3 were determined using the methods of extraction described by Okwu [21] and Okwu and Ndu [22] . The absorbance of vitamin A at a wavelength of 328 nm, vitamin B1 at a wavelength 360nm, vitamin B2 at 510 nm wavelength and vitamin B3 at 470 nm wavelength were determined using Jenway Spectrophotometer (Metrohm Spectronic 21D Model). Vitamins C was determined using the method based on the reduction of the dye (2,6 -dichlorophenolindophenol).
Determination of Antinutrients.
The tannin, phytates and hydrogen cyanide contents were determined as reported by Mbaeyi and Onweluzo [23] , while oxalate and saponin were determined using the methods of AOAC [24] . Trypsin inhibitor activity was determined according to the modified method of Kakade et al. [25] .
Statistical Analysis.
All the data generated from analytical determinations were analyzed and the descriptive statistics presented as mean ± standard deviation of the three determinations. Differences between means were separated using statistical analysis of variance (ANOVA) and multiple comparison test using Duncan"s Multiple Range Test (DMRT) with the least significant difference fixed at 0.05. Analyses were done using statistical software package, SPSS (windows version 20.0).
III.
Results and Discussion Mineral Contents Table 1 showed the result of the mineral contents of the raw and processed African breadfruit seeds (ABFS). The result showed that there were significant differences (P<0.05) in the sodium, potassium, calcium, phosphorus, magnesium, iron, zinc, copper and manganese contents of the raw and processed ABFS. The significant differences observed in the samples are due to the effect of the processing. The raw and processed ABFS are richer in sodium, potassium and phosphorus than calcium, magnesium, iron, zinc, copper and manganese. Generally, mineral contents of the ABFS steeped without Alum had the highest mineral contents: sodium (390.41±0.03mg/100g), potassium (588.62±0.02mg/100g), calcium (6.41±0.02mg/100g), phosphorus (590.64±0.02mg/100g), magnesium (2.45±0.01mg/100g), iron (2.76±0.03mg/100g), zinc (8.68±0.02mg/100g), copper (3.86±0.03mg/100g) and manganese (3.49±0.01mg/100g). The increment over the values for raw sample could be attributed to fermentation and hydrolysis of the antinutrients during steeping. The antinutrients leached into the soaking water thereby decreasing their concentration in the ABFS sample, thus releasing more minerals from their originally bound complexes due to their decreased concentration, as these antinutrients bind with the minerals. The increments in the mineral content is confirmed by the work of Obizoba and Egbuna [26] , who reported increment in the mineral content of bambara nut after fermentation of the soaked seeds.
The Sodium content of the raw ABFS sample under study was 386.60±0.02mg/100g, which was extremely higher than that of Osabor et al. [27] who reported 7.10 ± 0.10mg/100g as the sodium content of the raw African breadfruit seed. The difference in the sodium contents could be as a result of differences in cultivar and soil composition and the rate of uptake of the minerals by the plant [28] . Also, mineral content depends on the species, soil type, climatic condition, season, water source and cultural practices adopted during planting [29] . Sodium is needed by the body for the maintenance of osmotic pressure, acid-base balance, absorption of glucose and transmission of impulse [30] . The Sodium content of the ABFS samples soaked in Alum concentrations of 0, 1.0, 1.5 and 2.0% for 24 h were found to be 390.41±0.03mg/100g, 381.64±0.01mg/100g, 374.18±0.00mg/100g and 370.03±0.01mg/100g respectively. These samples when cooked with 0, 1.0, 1.5 and 2.0% Trona concentrations for 90 minutes had sodium contents of 384.01±0.02mg/100g, 369.20±0.02mg/100g, 366.61±0.03mg/100g and 365.84±0.03 respectively (Table 1) . Trona as a catalyst has helped in the breaking down of the cell wall of the ABFS samples thereby creating large surface area which leads to the loss of mineral during cooking. Omafuvbe and Oyedapo [31] and Omafuvbe et al. [32] had reported similar result that large surface area aided the loss of mineral content during boiling of African oil bean (Pentaclethra macrophylla) and soy bean seeds.
The raw ABFS sample under study contained 570.19±0.03mg/100g of potassium whereas, samples steeped in 0, 1.0, 1.5 and 2.0% Alum concentration for 24 h were found to have the potassium contents of 588.62±0.02mg/100g, 556.31±0.00mg/100g, 553.66±0.01mg/100g and 550.80±0.02 respectively, these samples when cooked with 0, 1.0, 1.5 and 2.0% Trona concentrations for 90 min had potassium contents of 546.41±0.02mg/100g, 521.43±0.02mg/100g, 520.59±0.01mg/100g and 511.23±0.03mg/100g respectively. The value of potassium content of the raw ABFS sample in the present study is closer to the value (587 ± 0.02mg/100g) reported by Osabor et al. [27] for potassium content of raw ABFS. Similarly, the results of the other minerals contents of the ABFS samples (phosphorus, magnesium, iron, zinc, copper and manganese) under study followed the same trend. The mineral contents of the control ABFS sample in the present study were slightly higher: phosphorus (588.45±0.02mg/100mg), magnesium (2.40±0.02mg/100mg), iron (2.70±0.02mg/100mg), zinc (8.59±0.01mg/100mg), copper (3.75±0.02mg/100mg), and manganese (3.44±0.01mg/100mg) than the Alum and Trona processed ABFS samples. Sample ABT 1 (ABFS Sample steeped in 2.0% Alum concentration and cooked with 2% Trona concentration) had the least mineral contents of 452.56±0.03mg/100mg, 1.90±0.01mg/100mg, 2.44±0.02mg/100mg, 8.40±0.01mg/100mg, 2.42±0.01mg/100mg and 2.94±0.02mg/100mg for phosphorus, magnesium, iron, zinc, copper and manganese respectively. The decrease in the mineral contents of the Alum and Trona processed ABFS samples as the concentration of Alum and Trona increased could be attributed to the leaching of these minerals into the processing water as well as high cooking temperature which could have caused loss of some of these minerals.
Vitamin Contents
The result of the vitamin contents determination carried on the ABFS samples showed that there were significant differences (P<0.05) on the vitamins A, B 1 , B 2 , B 3 and C contents of the raw and processed ABFS as well as among the processed samples ( Table 2 ). The significant differences observed in the samples were due to the effect of the processing. The vitamin A content of the raw African breadfruit seed was 20.37±0.01µg/100g. However, vitamin A content of the sample ABK (Sample steeped with 0.00% Alum) was found to be higher (20.74±0.01 µg/100g) than other samples steeped in 1.0, 1.5 and 2.0% with the vitamin A contents of 20.07±0.07µg/100g, 19.66±0.02µg/100g and 19.01±0.00µg/100g respectively. The decrease in vitamin A contents as the concentration of the Alum increased might have resulted from increased chemical reactions generally by the leaching into the steeping water, while the higher value (20.74±0.02 µg/100g) for the sample steeped in 0.0% Alum concentration for 24 hours is expected as steeping for 24 hours (fermentation) has been reported to increase vitamin content of foods [33] . The vitamin A contents of the sample were found to be decreased more after being cooked with Trona solutions of 0, 1.0, 1.5 and 2.0% for 90 minutes given vitamin A contents of 18.32±0.02µg/100g, 15.42±0.02µg/100g, 15.08±0.02µg/100g and 14.84±0.03µg/100g respectively ( Table 2 ). The decrease may be attributed to the high cell damage due to the coupled effects of high Trona concentration and the long cooking time which causes the Vitamins A to be leached easily into the cooking water. Also, Heat, light, exposure to the air, cooking in water and alkalinity are all factors that can destroy vitamins. Badejo [34] reported that losses of vitamins occur during processing operations such as milling, soaking, trimming, blanching, etc, which is a case in the present study .
Similar results were obtained for vitamins B 1 (0.20±0.01mg/100mg), B 2 (12.45±0.01mg/100mg), B 3 (18.15±0.02mg/100g) and C (2.29±0.01mg/100mg) content of the raw ABFS sample were found to be lower than the samples ABFS sample steeped in 0% Alum concentration: Vitamins B 1 (0.24±0.02mg/100mg), B 2 (12.73±0.02mg/100mg), B 3 (18.36±0.02mg/100g) and C (2.48±0.02mg/100mg) contents. The decrease in Vitamins B 1 , B 2 , B 3 and C contents as the concentrations of the Alum and Trona increased might have resulted from increased chemical reactions which lead to the high cell damage due to the coupled effects of high trona concentration and the long cooking time which causes these Vitamins to be leached easily into the processing water. Also, Heat, light, exposure to the air, cooking in water and alkalinity are all factors that can destroy vitamins. Some of the water soluble vitamins are readily destroyed during boiling and cooking.
Antinutritional Factors
The result of the antinutritional factor analysis carried out on the ABFS samples showed that there were significant differences (P<0.05) between the raw ABFS (control sample) processed samples in all the antinutritional factors (oxalate, tannin, saponin, hydrogen cyanide, phytate and trypsin inhibitor) analyzed (Table 3 ). This could be attributed to the effects of the processing. However, there were no significant differences (P<0.05) among the oxalate contents of the Alum and Trona processed ABFS samples. Similar result was also observed in the Tannin contents of the Alum and Trona processed samples. The oxalate content of the raw ABFS sample (0.21±0.01%) was higher than the value reported for the raw Treculia africana seeds (0.03 ± 0.11%) by Osabor et al. [27] . The samples steeped in 0, 1.0, 1.5 and 2.0% Alum solutions for 24 hours were found to have the oxalate contents of 0.16±0.05%, 0.15±0.01%, 0.15±0.01% and 0.14±0.01% respectively. When these samples were cooked with 0.0%, 1.0%, 1.5% and 2.0% Trona solutions for 90 minutes, the oxalate contents were 0.13±0.01%, 0.14±0.01%, 0.13±0.01% and 0.14±0.05% respectively ( Table 3 ). The decrease in the value of the oxalate contents of the processed ABFS samples could be attributed to the leaching out of oxalate in the processing water. It could also be that some oxalate had been destroyed by high cooking time (90 minutes). Nwosu, et al. [35] reported similar result that processing of African yam bean (Sphenostylis sternocarpa) with Alum and Trona had effect on the anti nutritional properties of this bean.
The Tannin contents of the raw ABFS (control) sample was highest (0.06±0.01%) while the processed ABFS samples had lower Tannin contents ranged from 0.01±0.00% to 0.02±0.02% (Table 3 ). The tannin content (0.06±0.00%) of the raw ABFS sample reported in the present study were lower when compared with the value (0.14±0.00%) reported by Ijeh et al. [7] and (26.45mg/100g) reported by Ugwu and Oranye [15] . The differences observed in the tannin contents of these raw ABFS samples could be attributable to the species or variety of African breadfruit seed used. The reduction observed could be as result of leaching and/or the effect of the heat on the heat labile tannins contained in the ABFS samples. This agrees with the fact that tannins are polyphenols and polyphenolic compounds which are soluble in water [15] , are mostly located in the seed coat and therefore their reduction during steeping (fermentation) and cooking may be attributed to leaching out of the phenol. Ikemefuna et al. [36] also reported that soaking and fermentation decreases the tannins content in legumes. Nwosu et al. [37] reported similar result that the Tannin content of raw African yam bean (0.41%) after being soaked with 1.0% Alum solution for 24 hours was reduced to (0.194%).
Saponin content was highest (0.47±0.01%) in the raw ABFS sample while the processed samples had lower saponin contents of between 0.22±0.00% and 0.25±0.01%. The value of the saponin content of the raw ABFS samples (0.47±0.01%) obtained from this study was closer to the value reported for the tannin content of raw Treculia africana seeds (0.37±0.03%) by Ijeh et al. [7] . Samples steeped in 0, 1.0, 1.5 and 2.0% Alum concentrations for 24 hours had saponin contents of 0.22±0.01%, 0.22±0.00%, 0.22±0.02% and 0.22±0.05%. The reduction observed could be as result of leaching and/or the effect of the heat on the heat labile tannins contained in the ABFS samples. It was observed that saponin present in the raw ABFS sample was reduced to minimal level when steeped and cooked with different concentrations of Alum and Trona. This result confirms with the report of Onimawo and Akubor [38] , that alkaline washing or dry scouring and abrasive dehulling have been suggested as techniques for saponin reductions in legumes. Saponins are not destroyed during cooking [37] . However, Onimawo and Akubor [38] reported that trace elements of saponins are nutritionally beneficial because of their hypocholestorolemic activity (cholesterol lowering). Saponin is another antinutritional factor whose toxicological effects should be balanced with its benefits. However, these samples when cooked with Trona solutions of 0, 1.0, 1.5 and 2.0% for 90 minutes, had saponin contents of 0.24±0.01%, 0.25±0.01%, 0.25±0.05% and 0.25±0.01% respectively. Nwosu et al. [37] reported similar result that the saponin contents of raw African yam bean (0.57%) after being soaked with 0.25 -75% Trona solution for 24 -48 hours was increased to (0.63 -0.73%).
Hydrogen cyanide was highest (1.34±0.02%) in the raw ABFS sample and lowest (0.01±0.02%) in the sample cooked with 2.0 % Trona solution. The value of the hydrogen cyanide content of the raw ABFS samples (0.47±0.01%) obtained from this study was lower to the value of hydrogen cyanide reported for raw Treculia africana seeds (26.45mg/kg) by Ugwu and Oranye [15] but higher than the value (0.06±0.12mg/100g) reported by Osabor et al. [27] . The differences observed may be due to the species or variety of African breadfruit seed used. Samples steeped in 0, 1.0, 1.5 and 2.0% Alum concentrations for 24 hours, had hydrogen cyanide contents of 1.08±0.02%, 1.06±0.01%, 1.07±0.01% and 1.07±0.01% respectively. There is no significant difference (P<0.05) in hydrogen cyanide content of the Alum processed samples. The value of the hydrogen cyanide of the these samples were drastically reduced further to a non significant values when cooked with 0, 1.0, 1.5 and 2.0% Trona solutions for 90 minutes giving the hydrogen cyanide contents of 0.07±0.02%, 0.04±0.01%, 0.02±0.01% and 0.01±0.02% respectively. These values are very close to the acceptable safe standard of hydrogen cyanide (25-30ppm) in human being as reported by Onimawo and Egbekun [30] .
In terms of the phytate contents of the ABFS samples, the control sample had the highest phytate content of 1.85±0.02%. The value of the raw ABFS sample was slightly lower than the values reported for the phytate content of raw Treculia africana seeds (2.16mg/100g) by Ugwu and Oranye [15] but higher than the value (0.76±0.01mg/100g) reported by Osabor et al. [27] . The low level of phytic acid in the raw ABFS suggests that the nutritive value of the raw seed will be less impaired. For the Trypsin Inhibitor content of the samples, the control sample (raw ABFS) had the highest Trypsin inhibitor content of 11.26±0.02Tiu/mg than the Alum and Trona processed samples. Samples steeped in 2.0% Alum solution for 24 hours and cooked with 2.0% Trona concentration for 90 minutes had the least Trypsin inhibitor content of 1.64±0.02Tiu/mg. A further reduction in these antinutrients was observed in the ABFS samples cooked with Trona (Table 3) . This is an indication that Trona might have facilitated the reduction of the levels of these antinutrients in the ABFS samples. Oyetayo and Omenwa [16] reported similar results for phytate, tannin and cyanide but the mechanism behind this is not yet known but it could be that Trona being a catalyst had aided in the breaking down the cell wall causing leaching thereby facilitates the reduction of these antinutrients.
IV. Conclusion
This study has shown that processing African breadfruit seed with Alum and Trona had positive effect on its nutritional and antinutritional properties. The result showed that steeping African breadfruit seed in the Alum concentration enhanced seed dehulling but resulted in hardening of the cotyledon which was soften by the Trona added during cooking which enhanced the nutritional composition of ABFS by lowering the antinutritional factors present in the raw ABFS. The studied anti-nutritional factors of the processed ABFS samples decreased in comparison with raw seeds. This may imply improved nutrient value or quality of the ABFS. Boiling and cooking are thermal processes, hence the resultant heat may have inactive these antinutrients. In general, the degree of improvement in the nutritive value affected by steeping and cooking is dependent on the duration of each of the processing method. Of the various processing methods, cooking in 2.0% Trona seems to be best for the elimination/reduction of all the antinutritional factors investigated. 
